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The period from late fifties is characterized by a series 
of investigations on the synthesis and development of new 
organic insecticides. In the recent past there has been a 
tremendous resurgence in the interest and research effort 
directed to the study of the chemistry of insecticides. 
A demand for more and better insecticide has developed 
rapidly in recent years, resulting widespread interest and 
vigorous research in this field. It has been realized after a 
long period of inspiration and struggle that particular insecti-
cidefs and formulations often must be developed for specific type 
of pests. Synthesis of new organochlorine insecticides and their 
insect toxicity determination have now become a major preoccupation 
with chemists and entomologists and continue to fascinate them 
the world over. 
An insecticide may be defined as substance or mixture of 
substances intended for killing, repelling or otherwise preventing 
insect. The term is derived from the latin words meaning 'insect' 
and 'tokill'. 
The toxicity of hydrocarbons is in general increased when 
the following elements or radicals are introduced in to the mole-
cule, CI, Br, I, OH, SH, SO , NO and NH^. The halogens increase 
2 : , 
the activity of a compound in the ascending order CI, Br, I. 
Disubstituded halogens are more active than mono substituted. 
Synthetic organic compounds developed today as insecticides 
are liable to be designated by such nickames as the original 
experimental or laboratory numbers of the initial letters of 
their chemical names 'DDT' is an example of the case with which 
the latter can take place. 
Mhe0Micm 
New synthetic insecticides are discovered in two ways. 
The first and most important, atleast until recent years, is 
discovery by accident, guided of course by past experience. 
The second is by exploration of groups of compounds related to 
or having certain characteristics of known insecticides. The 
logical method of synthesizing new insecticides is to combine 
certain chemical radicals of known value by linkage that may 
be expected to enhance toxic properties. 
In organochlorine insecticides of type II 'DDT' (dichloro 
diphenyl trichloro ethane) and BHC (benzene hexa chlorine) are 
most frequently used. DDT has been reported to be effective 
against more than one hundred well-known insect pests damaging 
crops and plants grown for man's benifit, e.g. bollworom, codlus 
moth, Colorado potato beetle etc. DDT is not a cure - all. 
Some important pests not controlled by DDT include the, mexican 
been beetle, grass hopper (various species), cotton leaf - warm, 
etc. 
The widespread usage of the organic insecticides has 
resulted in the appearance of resistance in mosquitoes, German 
Cockroach, Cabbage Worms, Leaf hoppers, Thrips, Aphids, Mites 
and Ticks. However, it remained for the widespread development 
: 4 : 
of DDT resistance by the housefly, Muscadomestica, to provide 
a conclusive demonstration of the importance of this phenomen 
in insect control. The enormous practical importance of the 
problems of insecticide resistance from agricultural and public 
health standpoints has stimulated a large volume of useful 
research into the formulation of different insecticide and 
synthesis of their derivatives. Extensive series of organic 
compounds were surveyed for their general insecticidal value, 
especially in the period from 1917 to 1928 by William Moore at 
the University of Minnesota, by C.H. Richardson, R.C, Roark and' 
R.T. Cotton of the U.S. Department of Agriculture and F. Taffer-
field of the Rothamsted Experiment Station in England. By means 
of such studies many of the chemical structure which would 
contribute to insecticidal effectiveness became more and more 
2 
evident. However, as Oilman et al. (1933) said 'We are still at 
the empirical stage, and a rather crude empirical stage in many 
respects, in correlating chemical constitution with physiological 
action on practically all types of living things'. In general, 
this statment still holds true. 
Literature survey revealed that many attempts have been made 
for the synthesis of new organic insecticide from 4-4'-dichloro 
3 
chalcone. This chalcone itself is cytotoxic on tumor cells . 
5 : 
A number of workers synthesised the valueable organic compounds 
and reported their insecticidal properties, Henry and W. David 
(1973) synthesised antimalarial l,3-bis(4-chlorophenyl)-2-
propen-1-one gaunyhydrazone hydrochloride and analogs (I). 
OVca = C H — C 
NNHC (:NH)NH2HC1 
(I) R = H, Me, p-ClC^H^ 
Mulder et al. (1973) reported the synthesis of insecticidal 
l-(phenyl carbamoyl)-2-pyrazolines (ll) from substituded chalcone 
and tested against Leptinotarsa decemlineata. In (1975), N.V. 
Philips also synthesised pyrazoline compounds with insecticidal 
-r 
activity. Andrews et al. (1975) prepared tuberculostatic 
hydrazones (ill), by treating chalcones with hydrazines. 
R3 
(II) ?} = H, R^ = Ph 
a) R^ = C0NHC,H.R4 
O 4 
b) R^ = CONHC^H^R'^R^ 
o J 
c) R^ = H 
: 6 : 
Q 
In (1978), Van Hes et al. synthesised new class of insecti-
side l-phenylcarbamoyl-2-pyrazolines (IV) and its insecticidal 
properties were evaluated on the larval stages of Aeedes aegypti, 
pieris brassicae and Leptinotarsa decemlineata. Recently the 
substituted 2-amino-3,4-dihydropyridine derivatives were synthe-
sised and they are used in drugs. 
R 
(lV)(a) 
RR^r^ C — X 
(lV)(b) 
Beside the synthesis of insecticidal compound many workers 
has also carried out the synthetic work. Recently Bhasker Reddy 
et al. (1986) synthesised some 3-aroyl-4-aryl-2-pyrazolines (V). 
R —(, r j V - CRlr= CR^CR"=: NNH 0 
(III) H 
H 
(V) 
N -X 
'-C^ 
H 
• 7 • 
V.D. Orlov et al. (1986) carried out the arylation of 
a-^-unsaturated ketones and prepared a number of chalcone 
analogs beside the cycloalkanones (VI) (VIl) and (VIII) . Keeping 
in mind the insecticidal properties of organochlorine compounds 
we have carried out the synthesis of some nev/ insecticidal 
compound WA-I and WA-II. Their resutls of microbial activity 
examination on Fungi Bacteria and Actinomycetins, were declining 
towards negative. Where as on the other hand their insecticidal 
pilot examination on housefly Musca domestica revealed that it 
has knock down property at 50 ppm. 
CI - ^ g y - C - C H ^ - C H - ^ g y 
(VI) 
(Ph)2CH-f ^CH(Ph)2 
CI 
(VII) 
(Ph)2CH CH(Ph), 
(VIII) 
^^ucm&xon 
Interest in the development of new organic insecticides 
has been heightened when shortages of standard poisons at a 
time crop values are high and when a fuller appreciation of 
insect transmission of human disease has become wide spread. 
The present work describes the synthesis of some new 
organochlorine insecticides from the dichlorochalcone moiety, 
in which the following steps are involved. 
Preparation of 4.4'-dichlorochalcone : 
p-Chloroacetophenone was condensed with equimolar p-chloro-
benzaldehyde in the presence of sodium hydroxide as a catalyst 
at room temperature to give the chalcone. 
CA-I 
: 9 : 
The structure of 4,4'-dichlorochalcone CA-I was established 
by the help of m.p. 154-157 C, comparative TLC and IR spectro-
scopy. 
Preparation of l,3.3-tris(4-chlorophenvl). propane-1-one. Vv'A-I 
m.p, 1&4-3^5°C 
Arylation of dichlorochalcone (CA-I) was done with chloro-
benzene in the presence of anhydrous aluminium trichloride at 
10°C to give 1,3,3-tris(4-chlorophenyl), propane-1-one. 
n' 
1 C,H.C1, 6 5 
/AlCl 
^ 0 
(VVA-I) 
The IR spectrum of the compound WA-I showed the bands at 
1670-l675cm for the ketonic group and the bands at 1085cm 
showed the p-chloro aromatic substitution. The n.m.r. spectrum 
exhibited the doublet at d 3.6 clearly for the two a-hydrogen of 
: 10 
C-2 another triplet signal, comparatively downfield, d 4.75 
for the one ^-hydrogen at C-3, because of the two p-chlorobenzene 
rings attached to C-3, The presence of three p-chlorobenzene 
rings in the compound was also established by the two doublets 
at d 4,71 and d 7,85 with J ?K8HZ and J ^ = 8Hz for six 
"^ ortho met a 
orthoprotons and six meta protons respectively. The mass 
spectrum gave conclussive support for compouno Vv'A-I as 1,3,3,-
tris(4-chlorophenyl), propanone by showing molecular ion at 
m/z 388(Mt) along with 390(Mt). However, significant structure 
revealing mass ions were observed at 139(M-249) as base peak by 
a-cleavage, 235(M-153) for the secondary carbonium ion having 
two p-chlorobenzene rings (4-Cl H5.C^-CH-C^Hp^Cl-4) and IIl(l39-CO). 
The mass fragmentation of WA-I is given in chart I. All the 
three spectroscopic data supported the structure of compound WA-I 
as l,3,3-tris(4-chlorophenyl), propanone, 
g-Chlorination of 1,3,3-tris(4-chlorophenvl). propanone WA-II 
m,p. 150°C 
a-Chlorination of (WA-I) was done with Cu-l,-> in the presence 
of lithium chloride dissolved in N,N-dimethylformamide at 80-90°C, 
This is the most convenient and general method for the a-chlori-
nation of alkyl aryl ketone. 
-\-
c c — C H 
11 
O 
M-^  388 
iAf/\-r ^ ' 
CI 
m 
'/e 13^ . o + 
- CO 
o\ 4/ 
+ 
'i^/e. I l l 
o 
C^H f^ /fi. 2 3 5 
+ CH^=C r r o 
CHART-I 
: 11 : 
^^-<§>-=-CH - C K - K ^ CI 
0 CI (WA-II) 
-1 
The IR, bands at 1680-1685cm showed the presence of 
ct-haloketone in the spectrum of WA-II, 1085cm for p-chloro-
benzene and the band at 730cm for C-Cl of the a-carbon. 
The n.m.r. spectrum exhibited the two doublet at d 4.75 and 
d 5,96 for the one proton of C-3 and another for a-hydrogen 
respectively with J = llHz each, beside the usual signals of 
benzene ring. Mass spectrum of compound WA-II strengthened, 
the formulated, structure by showing molecular ion peak at m/e 
422(Mt) alongwith ions at 387 (M-35), 235(M-187), 139(M-283) 
as base peak by ct-cleavage and 111(139-00). In view of above 
data compound WA-II was characterised as 2-chloro-l,3,3-tris 
(4-chlorophenyl), propane-1-one. 
WxfctitnenM^ 
All melting points were taken on Keflex apparatus and 
are uncorrected. Spectroscopic (NMR, Mass) details and 
thin layer chromatographic procedure have been discussed 
in chapter (H), IR spectra were obtained with a Perkin-
Elmer 621 spectrophotometer. Usually as thin films between 
KBr discs and values are expressed in cm" . Silica gel 
(60-120 mesh) ^  30 gm was used for each gram of the material 
to be separated in column chromatography. Elution was usually 
effected with petroleum ether and increasing proportion of 
benzene. Petroleum ether refers to a fraction of b.p. 40-60°C. 
Anhydrous sodium sulphate (N.a2S0.) was used as drying agent. 
: 13 : 
SYNTHESIS OF NEW INSECTICIDE : 
In the synthesis of some new insecticides following steps 
are involved. 
Preparation of p-chloroacetophenone : 
In a 500 ml three necked round bottom flask (56 gm, 0.5 mole) 
chlorobenzene dissolved in (200 ml) CS^ was reacted with (47,5 ml, 
0,5 mole) acetic anhydride in the presence of (150 gm) Aluminium 
trichloride. The reaction mixture was poured on (500 gm) crushed 
ice containing (300 ml) Cone. HCl, Extracted with ether (200 ml) 
treated with IC^ NaOH solution and dried yield 78%, b.p, 123,5 to 
124.5°C (reported 124-126°C). 
Preparation of 4.4'-dichlorochalcone : 
(21.075 g, 0.15 mole) p-chlorobenzaldehyde and (19.44 ml, 
0.15 mole) p-chloroacetophenone were mixed with NaOH (9 g) 
dissolved in (75 ml) water and (45.75 ml) ethanol with stirring 
at below 20 C, The yellow solid 4,4'-dichlorochalcone obtained 
was washed with cold water until the filtrate was neutral and 
dried. The solid was recrystallized from benzene as yellow 
needles (90?^ ), m,p. 159°(reported 154-157°C) . 
IR :V'"^ '' (KBr) : l&S^ C^~^ 
: 14 : 
Preparation of new chalcone derivatives; 1,3.3-tris(4-chloro-
phenyl), propane-1-one (WA-I) 
A mixture of 4-4'-dichlorochalcone (27.7 g, 0.1 mole) and 
anhydrous aluminium trichloride (40.05 g, 0.3 mole) dissolved 
in CSr, (100 ml), cooled up to 10°C, was reacted with chloro-
benzene (11,25 g, 0.1 mole) temperature maintained below 10 C 
with stirring. The resulting yellow solution was poured on to 
crushed ice with stirring, solid extracted with ethylacetate. 
Solvent was evaporated and crystallized from acetone, yield 60% 
m.p. 154-155°C. 
0 
I.R. : V""^^(KBr); 1670-1675 (-C-), 1585,1485(-CH=CH-, of 
benzene ring), 1085(p-Cl, aromatic substitution). 
NMR : 3.6(d, 2H, J = 7Hz, -CH2-), 4.75(t, IH, J^ = 7Hz, 
J2 = 7Hz, -CH-), 7.4l(d, 6H, Jop^^Q = 8Hz, Ortho 
protons), 7.85(d, 6H, J^ ^^ .^  = 8Hz, meta protons). 
1116 X ol 
Mass : ut 388(10), m/e 355(18), 353(20), 241(18), 237(22), 
235(30), 141(35), 139(100), 111(22). 
2-Chloro-1.3.3-tris(4-chlorophenvl)-propane-l-one. (\VA-II) 
A mixture of cupric chloride (1.23 g, 0.CO72 mole) and 
lithiumchloride (217 mg, 0.0036 mole) dissolved in DMF was heated 
on hot plate stirrer upto 80-90°C for 30 minutes and 1,3,3-
: 15 : 
tris(4-chlorophenyl)-propanone (V^ AI) (1.168 g, 0,003 mole) 
was added. After an hour additional stirring when the colour 
of the reaction mixture was change, the resulting yellowish 
solution was poured on to crushed ice with stirring and extractec 
with ether. Solvent was evaporated and recrystallized from 
acetone yield 90%, m,p, 150°C, 
I.R. (KBr) : 1680-1685(a-haloketone), 1585, 1485(-CH=CH-
of benzene ring), 1085(p-cl, aromatic substitution), 
730(C-C1). 
NMR : 4.75(d, IH, J = llHz, -CH<), 5.69(d, IH, J = llHz, 
-CH-), 7.4l(d, 6H, J ,, = 8Hz, ortho protons), 
' ortho ^ 
CI 
7.85(d, 6H, J ,^ = 8Hz, Meta protons), 
' meta 
Mass : Mt 422 (12), m/e 387(10), 241(18), 237(22), 235(32), 
141(35), 139(100), 111(20). 
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The chemistry of natural products is a distinct and 
wide field, and concerned with the enormous variety of 
organic substances that are elaborated and accumulated by 
plants, (usually in higher plants) e.g. alkaloids, amino 
acids, quinones terpenoids, coumarins, anthocyanidins, 
flavonoids and steroids, and deals with the natural distri-
bution, chemical structure and their biological functions. 
The field of flavonoids is one of the most delightful 
area of Natural Product Chemistry, not only because they 
contribute to plant colour but also because many members are 
physiologically active. The term 'flavonoids* covers a 
large groups of naturally occuring compounds. 
The structure of flavonoids are based on C^ - C^ - C^ 
type arrangements, the C, - C^ skeleton is a chromone bearing 
a second aromatic ring (ring B) in position 2,3 or 4 (I). 
(I) 
: 17 : 
The flavonoids are classified on the basis of oxidation 
state of heterocyclic ring (ring C) and the position of 
ring B. The example of some major sub groups are given 
in chart-I. 
OH 
OH 0 
F LAVONE 
F LAVANONE 
HO O 
FLAVONOL 
ANTHOCYANIDIN 
H_CO 
0 H 3 
BIFLAVONYLS 
O / O 
ISOFLAVONE 
NEOFLAVONES 
CHART - I 
: 18 : 
Commercial importance of the flavonoids is due to the 
1 2 
antioxidant for fats and oils * tanning of leather, fermen-
tation of tea, manufacture of cocoa and use in the flavour 
3 
qualities of food stuffs . 
Combination of flavonoids towards the physiological 
activity is of great interest. The potent uses of flavonoids 
4 5 
may be listed as heart stimulants , antibacterial activity , 
anti hemolytic activity , and for anti hypertensive action . 
It is not amaizing that claims have been made that 
flavonoids may contribute to or be effective in combating 
certain types of cancer. Several flavonoids are moderately 
active against laboratory cultures of malignant cells. Eupatin 
eupatortein, eupatorin, centaureidin and 3,4'-dimethyl quercetin 
8—10 
are quite active against Eagles Carcinoma of the nasopharynx 
in cell cultures. 
Recent addition to this class is biflavonoids which are 
derived from two flavone or flavanone or flavanone - flavone 
units and have a lately been given more attention because of 
their physiological properties. The formation of biflavonoids 
in the plant in all cases has been explained by Jackson et al. 
in terms of oxidative coupling of two chalcone units, and subsi-
quent modification of the central C^ - units. For example in 
naringenino chalcone, the abstraction of an electron and formation 
of radical is represented in chart II in two different way. 
: 19 : 
The precursors of all naturally occuring biflavonoids 
can be formed by pairing two of the above mentione radicals. 
" ° ^ " iKo: 
<5^#v 
OH 
CHART - I I 
Mheordkm 
'CLASSIFICATION OF BIFLAVONOIDS' 
The biflavonoids known to date may be divided as follows : 
[A] BI-ARYL TYPE BIFLAVONOIDS 
[B] GARCINIA AND TAIWANIA BIFLAVONOIDS 
[c] BI-ARYL ETHER TYPE BIFLAVONOIDS. 
[A] BI-ARYL TYPE BIFLAVONOIDS 
In this type two monoflavonoidic units are linked through 
C-C bond of ring A or ring B. Depending upon the nature of 
substituents and point of linkages, they are subdivided into 
following series : 
1. Amentoflavone Series : 
This class of series derived from two apigenin units linked 
from (1-3', II-8) position, and represented by seventeen members 
12 13—30 
with amentoflavone as parent compound ' , 
2. 1-2.3-Dihvdroamentoflavone Series : 
This type of series comprises of a naringenin and an apigenin 
monoflavonoid with flavanone Ll-s', II-Sj flavone linkage, and are 
: 21 : 
21 31 
represented by four members ' , with 1-2, S-dihydroamento-
flavone as the parent compound. 
3. Tetrahydroamentoflavone Series : 
From defatted nuts of Semecarpus anacardium Lin, 1-2, 
32 33 3-II-2,3,tetrahydro amentoflavone has been isolated ' 
Thirteen more closely related tetrahydrobiflavonoid compounds 
have also been isolated from other Semecarpus species 
A, Cupressuflavone Series : 
37 38 The parent compound is cupressuflavone ' , they are 
derived from two apigenin units, with [l-8, Il-S] linkage. 
This series comprises of seven partial methylether 
. 26,38-46 
compounds . 
b. Mesuaferone (A and B) : 
From the stamen of Mesuaferrea, 1-2,3, II-2,3-tetrahydro 
cupressuflavone. Mesuaferon-A, and 1-2,3-dihydrocupressuflavone 
54 56 Mesuaferone-B has been isolated by Srimannarayana * . 
6. Aqathisflavone Series : 
They are derived from two apigenin units, with (1-6, II-8) 
linkage, and comprises of seven members with agathisflavone as 
parent compound'*^"'^^'^^*^^"^^. 
: 22 : 
7. Rhusflavone : 
This is a flavanoflavone, with (1-6, II-8) linkage, and 
50 derived from naringenin and apigenin units 
8. Rhus-favanone : 
This is a tetrahydroagathis flavone. This is derived from 
two naringenin units with (1-6, II-S) linkage. 
9. Robustaflavone Series : 
Before the isolation of robustaflavone, from natural source, 
its hexamethylether had been by Wessely-Mosor rearrangement of 
amentoflavone hexahemethylether. It is represented by three 
members, with robustaflavone as parent compound and it is derived 
from two apigenin units, with (1-3', II-6) linkage * 
10. GB Series : 
This series comprises of reduced heterocyclic system, and 
five members are reported. They are derived from a naringenin 
linked with naringeninor/aromadendrin or taxifolin or oriodictyol 
through (1-3, II-8) linkage^^""^^. 
11. BGH Series : 
These are derived from a naringenin and an apigenin or 
luteolin units with flavanone (l-3, II-8) flavone linkage, arid 
are represented by BGH-II and BGH-III, as the parent 
.25,62-67 . . , 
compound * respectively. 
12. WGH. Series : 
To new biflavones, WGH-II and WGH-III have been synthesised 
by dehydrogenation of BGH-II and BCTH-III, respectively^^*^^. 
13. Succedaneaflavanone : 
This is derived from two naringenin units with (1-6, II-6) 
linkage and isolated from Rhus succedanea. However, its hexa-
methyl ether has been synthesised by Parthasarthy et al. . 
[BJ GARCINIA AND TAIWANIA BIFLAVONOIDS 
14, Taiwania flavone Series : 
These are derived from two apigenin units with [l-3, II-3'] 
linkage. Although [l-3, II-3'] biapigenin has been reported 
earlier but this constitutes, the first example of its occurence 
• 69 
from a natural source , Taiwania cryptomeroides Hayata . 
15. I-4'.I-5.II-5.I-7.II--7. pentahvdroxvflavanone [I-3.II-8]. 
Chromone : 
Isolation of this compound introduced a new series comprising 
of flavanone chromone structure. This is a dimer of naringenin 
and 5,7-dihydroxy chromone linked through [l-3, II-s] position. 
70 It has been isolated from the leaves of Garcinia dulcis Kurz, 
: 24 : 
SOME NEW BIFLAVONOIDS 
35 
16. Semecarpuflavanone : 
This compound is 1-7, 4', II-7, 3*,4*,5'-hexahydroxy 
biflavanone with [l-3',II-8] linkage. This has recently been 
isolated from the nut shells of Semecarpus anacardium. 
71 
17. Jee-dif lavanone : 
This compound is I-5,7,4',II-5,7,3',4'-heptahydroxy 
biflavanone with [l-3*,II-8], and has recently been isolated 
from the nut shells of Semecarpus anacardium. 
18. galluflavanone : 
This is a 1-7,4«,5',11-7,3,4',5* heptahydroxy biflavane, 
with C[-3',II-8j linkage. This flavanone has also been isolated 
from the ethanolic extract of the nut shells of Semecarpus 
anacardium , 
19. Strvchnobiflavone'^^ : 
This biflavone has been isolated recently from the leaves 
of Strvchnos pseudoauina (Loganiaceae), This is a I-3,II-3-Di-
0-methyl, 1-5,7,3« ,4MI-5,7,3« ,4'-Octahydroxy [I-2',II-8] 
biflavone. 
20. Abiesin^'^; 
Chaterjee, e^ al,, have recently isolated, Abiesin from 
: 25 : 
Abies webbiana. It is derived from a flavone and flavonol 
unit with [I-3MI-6], linkage, 
[C] BI-ARYL ETHER TYPE FIAVONOIDS 
21, Hlnokiflavone Series : 
These are derived from two apigenin units with Ll-4«-0-II-6] 
linkage, and comprises of seven members with Hlnokiflavone as 
23 24 74-"/ parent compound, and other are its partial methyl etherst * * 
22, 1-2.3-Dihvdrohinokiflavone : 
The sole member has been isolated from Metaseauoia alvpto-
21 31 
stroboides and cycas species ' • 
23, Ochnaflavone Series : 
This class is represented by five members with Ochnaflavone 
as the parent compound. They are derived from two apigenin units 
through [l-3«-0-II-4'] linkage^ '*'''^ ''^ ?^^ .^ 
: 26 : 
STRUCTURE DETERMINATION OF BIFLAVONOIDS 
Structure determination of biflavonoids is a complicated 
problem due to the fact that : 
(a) Presence of more than one biflavone in chromatographically 
homogenous fractions, and the consequent difficulty in 
their isolation in pure form. 
(b) Insolubility in the usual organic solvents. 
(c) The difficulty in the exact location of 0-methyl group in 
partially methylated derivatives of biflavones. 
(d) The intricate problem of establishing the interflavonoid 
linkage. 
Usually following methods are applied for the structure 
determination of biflavonoids. 
[l] Colour reaction. 
[2] Chromatography (TLC, Co-TLC ). 
[3] Spectroscopy. 
[4] Degradation. 
L5j Synthesis. 
During the course of present work mainly colour reaction, 
TLC, Co-TLC and Spectroscopic methods have been used, a short 
review of the techniques is given : 
: 27 : 
[l] COLOUR REACTIONS^^ 
Various colour reaction are reported in the litrature for 
the detection of certain structural feature among flavonoids. 
As the colour dependsupon the pattern of hydroxylation and sub-
stitution its diagnostic value in only a broad indication. 
The reagents generally used for reaction are magnesium 
82 83 
hydrochloric acid , sodium amalgum - hydrochloric acid , Wilson 
84 85 
boric acid and zinc hydrochloric acid . Biflavonoids are 
found to give more or less the same colour reactions as monomers. 
[2] SPECTROSCOPIC METHODS 
(a) U«V. Spectroscopy : The ultra violet spectra of 
different flavonoids are very characterstic and alongwith 
81 
colour reactions , have been used extensively to distinguish 
the various groups of this class of compounds. The absorption 
maxima of flavones have been correlated to the presence of a 
benzoyl (II) and cinnamoyl (III) grouping . 
®^^^V 
(II) (III) 
: 28 : 
The former giving rise to the low wavelength band at 240-270 nm 
and the latter to high wavelength band at 320-380 nm. 
On the basis of this generalisation, important deduction 
have been made about the location of substituents in the two 
rings. 
Substitution in the B ring specially at 4* stablizes the 
cinnamoyl chromophore resulting in a bathochromic shift of band 
I, where as substitution in the A ring has a similar effect on 
the position of band II. Compounds having a free 5-hydroxyl 
absorb at higher wave length and methylation of this hydroxyl 
group brings about a hypsochromic shift of 10-12 nm of both maxima. 
The presence of a hydroxyl group at this position is routinely 
88 
established by measuring the spectra in presence of AlCl^ • 
Hydroxyl groups at 7,4*, are more acidic than others and a 
bathochromic shifts of band I or band II on addition of fused 
sodium acetate in a good indication of the presence of hydroxyl 
groups at these position but the result of these measurment have 
to be interpreted in the caution, presence of hydroxyl group at 
A* is also confirmed by a large bathochromic shift in band I with-
80 
out a decrease in intensity on the addition of sodium methoxide , 
Ortho hydroxyl groups in ring A and ring B are identified by a 
bathochromic shift in band I in the presence of AlCl^ and sodium 
acetate/boric acid respectively. 
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In flavanones and isoflavanones absence of cinnamoly 
chromophore has the effect of supressing the high wavelength 
band which is either totally absent or present only as inflection. 
The UV spectra of biflavonyls are very similar to that of 
the monoflavonoid with the only difference that the molecular 
extinction co-effecient (^) of the biflavone is approximately 
double as compared to the corresponding monoflavonoid. This 
demonstrates the presence of two isolated chromophore of flavo-
noids per molecules of biflavonolds. 
(b) Nuclear magnetic resonance spectroscopy J The application 
of NMR spectroscopy has proved to be most powerful and indespen-
sable tool in the structure determination of flavonoids, A lot 
of useful information can be obtained in the structure elucidation 
of biflavonoids by making a comparision of their NMR spectra 
with those of their corresponding monomers. 
Double irradiation technique helps to assign each and every 
proton in the molecule • 
Comparision of the NMR spectra of methyl and acetyl derivatives 
of a biflavonoids with those of biflavonoids of the same series as 
well as with those of biflavonoids of the other series in which at 
least one monoflavonoids in assigning each and individual protons 
of the methoxy groups. The problem of interflavonoid linkage has 
been successfully solved by following two techniques. 
: 30 : 
(a) The solvent induced shift studies of methoxy resonance. 
(b) The lanthanide induced shift studies. 
89—91 Benzene induced shifts of aromatic methoxy groups , 
are a useful aid in the elucidation of the Str. of various 
classes of natural products. 
92 Wilson et al. , while measuring the PMR spectra first in 
CDCl- and then in C,H, have observed that size of the benzene 
o o o 
induced shift (A) of certain methoxy signals was to some extent 
indicative of the position of the methoxy group on the flavanone, 
methoxy group at C-5, C-7, C-2', C-4», exhibits large positive 
values ( d CDCl-3» d = C.H,, 0.5 - 0.8 ppm) in the absence 
o o o 
of OMe or OH substituents ortho to these groups. In contrast, 
OMe groups at C-3 or these flanked by two ortho OMe function 
(or one ortho - OH and one ortho - OMe function), show small positive 
positive or negative values. 
An OMe at C-5 suffer a drastic algebric decrease in solvent 
shift upon the introduction of an -OMe group at C-6. 
The benzene induced solvent shift [^ (CHCI3/C.H.)] of 
certain methoxy groups in flavone are appreciably exhauced by 
the addition of small quantity (3% v/v) of trifluro acetic acid 
(TFA) to the solution of flavone in benzene. 
• '• 1 • 
The possibility of using other solvents to obtain additional 
information has been considered and accordingly Lanthanide shift 
93 94/ 
reagent ' (LSR) have been extensively used for the structural 
94—97 
and conformational studies of organic natural products 
The most commonly used Lanthanide reagents are trischelates 
of lanthanide ions with - diketones, 2.2,6,6--tetramethyl heptane-3, 
5-dione (dipivaloyl methane) and 1,1,1,2,2,3,3-heptafluro-7,7-
dimethyl octane-4,6-dione. Typically shift reagents are tris-
(dipivaloylmethanato) europium and tris-1,1,1,2,2,3,3-heptafluro-
7,7-dimethyl octane-4,6-octadionatoeuropium, the name of which 
are normally abdrevated to EuCdpm)- and EuCfod)^* 
(c) Mass Spectrometry : Mass spectrometry plays very important 
role in evaluating the structure of monoflavonoid as well as 
biflavonoids by fragmentation pattern relationship. The retro 
98 
Diels - Alder (RDA) reaction is the principal mode of fragmen-
tation in flavone and biflavones. Most flavonoids yields intense 
peaks for the molecular ion (M ) and indeed this is often the 
base peak. In addition flavonoids usually afford major peak for 
(M-H ) and when methylated (M-CH^ ). The common fragmentation 
98 process of flavone is shown on chart III, using apigenin as a 
typical example. 
Among the biflavonoid the Mass Spectral fragmentation pattern 
of the Amentoflavon, Cupressuflavone and Hinokiflavone has specifi-
99 
cally been studied by Seshadri et al. Usually the molecular ion 
: 32 : 
in the base peak. 
Analog to the fragmentation pattern of monoflavone 
biflavone also undergo 
(i) 
(ii) 
(iii) 
fission of the C-C or the C-O-C linkage between the 
aromatic residues. 
elimination of CO and CHO from the biphenyl ethers, 
and 
rearrangement involving condensation between the 
phenyl rings. 
OH 0 \-C0 
M"^  270(100) 
(RDA) 
(c)m/el21 
+ 
fa/e 242 
-CQ^^^^-^C ^  ^ - ^ ^ OH 
:^ OH 
A-28 ^^^ ^^^ lis 
m/e 152 
OH 
CHART - III 
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Formation of doubly charged ions is frequently observed. 
Steric factors play an important role in influencing the 
breakdown mode and internal condensation. 
The mass spectra of amentoflavone, hexamethyl ether and 
cupressuflavone, hexamethyl ether are similar, molecular ion 
being the base peaks in each case, but difference lies in the 
intensities of the corresponding peaks due to variation in 
100 
substitution pattern and steric factors • The main peaks 
with their intensities and fragmentation pattern is given in 
CHART IV. 
The fragmentation pattern of hinokiflavone hexamethylether 
is considerably different from those of amentoflavones and 
ICX) 
cupressuflavones hexamethyl ethers • The base peak in this 
case appears at m/e 313 and the molecular ion peak (M ) at m/e 
608. This could be attributed to the fact that the biphenyl e 
ether bridge suffers easy rupture; by drogen transfer then leads 
to 313 fragment. 
Amentoflavone hexamethyl ether 
Main peaks, m/e (intensity) 
M"*" 622(100) Base peak, 621(31), 607(33), 592(8), 576(10), 
312(2), 311(5), 245(5), 181(2), 180(3), 135(16), and 132(3). 
: 34 : 
Cupressuflavone hexamethvl ether 
Main peaks, m/e (intensity) 
M"^  622(100) base peak, 621(38), 607(8), 592(18), 
576(4), 312(7), 311(14), 245(11), 135(26), and 132(14). 
m/e 576(10) 
^^ "3 ^/ ,_..„. m/e 180(3) 
m/el32(3; 
m/e 181 
0 4-
m/e 135(16) 
m/e 311(5) 
CHART - IV 
^^ucumon 
The genus Putraniiva. (Euophorbiaceae) consists of three 
species, P. roxburahii Wall, P. zevlanica ^ Muell, and P. 
formosana Kanehira and Sasaki Ex Shimada. £, roxhburghii 
is an evergreen tree of moderate-size, distributed throughout 
tropical India, Ceylon and Burma. This plant is medicinally 
important as its leaves and stones of the fruit are given in 
colds and fevers. Nuts are hung roung the neck of children as 
a charm to keep them in good health . 
The various chemical constituents of Putran1iva roxburqhii 
reported earlier are saponins, terpenoids, flcjvonoids and alkaloids, 
The present discussion deals with the study of the complex mixture 
of biflavonoids in the leaf extracts of Putran.jiva roxburqhii. 
Biflavonoids from the leaves of Putraniiva roxburqhii. Wall. 
Leaves of Putranj iva roxburqhii Wall. (Euophorbiaceae) 
obtained from Botanical Garden, Qila, A.M.U. Aligarh, were 
extracted with methanol and concentrated under reduced pressure. 
The phenolic extract by solvent fractionation and column chroma-
tography followed by preprative thin layer chromatography yielded 
three biflavonoid components. These were labelled as PR-I, PR-II 
: 36 : 
and PR~III in order of increasing R^ values. 
PR-I on complete methylation, followed by TLC examination 
(RX- and characterstic fluorescence in UV light"' ) melting point 
comparison and H-NMR spectral studies of its acetate was found 
to be amentoflavone (2a) (1-4', II-4', 1-5, II-5, 1-7, II-7-Hexa 
hydroxy [l-3',II-8] biflavone). PR-II by methylation and TLC 
examination (R^ and characterstic fluorescence in UV light) and 
H-NMR spectral data comparison of its acetate was found to be 
Podocarpus flavone-A, (2d) (1-4', 1-5, II-5, 1-7, II-7-Pentahy-
droxy-II-4'-0-methyl [l-3', II-8] biflavone). Fraction PR-III 
was found to be podocarpus flavone-B (2f) ( 1-4', 1-5, II-5, 
II-7-tetrahydroxy-II-4',I-7-Di-0-methyl [l-3',II-8] biflavone)^^"^^ 
on the basis of chromatographic and spectral studies. 
1-4*. II-4*. 1-5. II-5. 1-7. II-7-Hexahvdroxv[l-3*. II-S] biflavone 
(PR-I) 
P R - I (Parent) m.p. 322-323°C 
PR - IM (Methyl ether) m.p. 225-226°C 
PR - lA (Acetate) m.p. 241-243°C 
TLC examination of PR-I and its methyl ether (PR-IM) indicated 
it to be amentoflavone. The results of H-NMR studies of its 
methyl ether (PR-IM) and acetate (PR-IA) are recorded in table-1. 
OR, 
R 1 R, R. R R 
a) 
b) 
c) 
d) 
e) 
f) 
g) 
H 
CH3 
Ac 
H 
Ac 
CH3 
CH3 
H 
CH3 
Ac 
H 
Ac 
H 
Ac 
0 = 
H 
CH3 
Ac 
H 
Ac 
H 
Ac 
— c -
H 
CH3 
Ac 
H 
Ac 
H 
Ac 
— 0 
H 
CH3 
Ac 
H 
Ac 
H 
Ac 
— CH2 
H 
CH 
Ac 
CH 
CH 
CH 
CH 
CH3 
HO ~0H 
H 
(3) 
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TABLE - I 
Chemical shifts of Protons (d-Scale) of PR-IM and PR-IA 
Assignment PR-IM PR-IA 
H-I-8 6.47(d, IH, J = 3Hz) 7.26(d, IH, J = 3Hz) 
H-I-6 6.32(d, IH, J = 3Hz) 6.84(d, IH, J = 3Hz) 
H-I-6 6.64(s, IH) 7.01(s, IH) 
H-I-3 6.49(s, IH) 6.65(s, IH) 
H-II-3 6.59(s, IH) 6.68(s, IH) 
H-I-6' 7.95(q, IH, J•^= 9Hz) 9.98(q, IH, J^ = 8Hz, 
J^= 3Hz) J^ = 3Hz ) 
H-I-2' 7.84(d, IH, J = 3Hz) 8.03(d, IH, J = 3Hz) 
H-I-b* 7.08(d, IH, J = 9Hz) 7.48(d, IH, J = 9Hz) 
H-II-2',6' 7.37(d, 2H, J = 9Hz) 7.49(o, 2H, J = 9Hz) 
H-II-3'r5' 6.7l(d, 2H, J = 9Hz) 7.06(d, 2H, J = 9Hz) 
0Me/0Ac-I-5,II-5 3.92,4.05(s, 3H each) 2.45,2.42(s, 3H each) 
-1-7, II-7 3.82,3.80(s, 3H each) 2.05,2.0l(s, 3H each) 
-I-4',II-4' 3.75,3.7l(s, 3H each) 2.28,2.23(s, 3H each) 
s = singlet, d = doublet, q = quartel, spectra run in CACl^ 
at 700 MHz, TMS as internal standard. 
TABLE - II 
: 38 
Biflavonoids I-5-OMe 
(6 value) 
II-5-OMe 
(d value) 
1. Cupressuflavone 
hexamethyl ether 
2. Amentoflavone 
hexamethylether 
3. Agathisflavone 
hexamethylether 
4. Hinokiflavone 
pentamethylether 
5. PR~IM 
6. Hinokiflavone 
pentamethylether 
i;i-4'-0~II-6] 
4.12 
3.87 
3.86 
4.CX) 
3.92 
3.94 
4.12 
4.06 
4.05 
4.08 
4.05 
3.91 
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The H-NMR spectrum of PR-IM showed ABC and k,^2 systems 
associated with ring I-B and II-B substituted at positions 1-3', 
4' and II-4' respectively. Thus rings I-B and II-A of the 
biflavone seemed to be involved in interflavonoid linkage* More-
over the values showed that 1-3' is linked to either 11-6 or II-8. 
The observation that in biflavones having aromatic substituents at 
1-8, the protons of I-S-OMe group generally appears above d 4,0 
(Table-II), lead to selieve that substituents (flavone unit) in 
PR-I was located at II-B and not at II-6. Further all methoxy 
groups on change of solvents from deuterochloroform to benzene moved 
up field, showing that every methoxy group had at least one or two 
proton, therefore, a II-B rather than II-6 linkage was established. 
H-NMR spectral data of PR-IM were found to be identical with 
that of an authentic sample of hexamethyl ether of amentoflavone. 
The H-NMR spectra of the acetate PR-IA also identical with that of 
authentic hexa acetate of amentoflavone. 
Thus PR-I was assigned the structure as 1-4',11-4',1-7,II-7, 
I-5,II-5-hexahydroxy [l-3',II-8] biflavone(2a). 
: 40 : 
1-4*. 1-5. II-5. 1-7. II-7-Pentahvdroxv~II-4'-Q-methvl[1-3'.11-81 
biflavone (PR-II) 
PR - II rn.p. 321-323°C 
PR - IIM (methylether)rn.p. 225-226°C 
PR - IIA (Acetate) rn.p. 256-257°C 
TLC examination of PR-II and its methyl ethex (PR-IM) 
indicated it to be podocarpusflavone-A. The results of H-NMR 
studies of its methyl ether (PR-IIM) and acetate (PR-IIA) are 
recorded in table-Ill. 
In particular the B^ protons of A^ B„ system associated 
with ring-II-B appeared at d 6.74 in (PR-IIA) which was anologus 
to the value of the same protons in amentoflavone hexamethyl-
ether and also in PR-IIM thus suggesting the presence of the 
methoxy group at II-4'-position. The H-NMR spectral data of 
PR-IIA identical with that of authentic pentaacetate of podocarpus 
flavone-A. 
Thus PR-II was assigned the structure as 1-4',1-5,II-5, 
1-7, II-7-pentahydroxy-II-4«-0-methyl [l-3',II-8] biflavone 
(Podocarpusflavone-A) (2d). 
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TABLE - III 
Chemical shifts of protons (d-value) of PR-IIA and PR-IIM 
PR-IIA 
7.32 (d, IH, J = 2.5Hz) 
6.84 (d, IH, J = 2.5Hz) 
7.04 (s, IH) 
6.72 (s, IH) 
6.66 (s, IH) 
8.1 (q, IH, J^ =8.5>Hz 
J2=2.5Hz) 
8.15 (d, IH, J = 2.5Hz) 
7.50 (d, 2H, J = 8.5Hz) 
7.54 (d, 2H, J = 8.5Hz) 
6.74 (d, 2H, J = 8.5Hz) 
2.45,2.42(s, 3H,each) 
2.92,2.04(s, 3H,each) 
2.08 (3H,s) 
3.74 (3H,s) 
s = singlet, d = doublet, q = quartel, spectra run in CDCI3 
at lOOMHz, TMS as internal standard. 
Assignment 
H-I-8 
H-I-6 
H-II-6 
H-I-3 
H-II-3 
H-I-6' 
H-I-2' 
H-I-5' 
H-II-2« 
H-II-3' 
OMe/OAc 
-1-7,11 
-1-4' 
OMe-II-
,6' 
,5' 
-1-5,11-5 
-7 
4' 
6.47 
6.33 
6.68 
6.50 
6.59 
7.88 
7.85 
7.09 
7.37 
6.72 
3.92, 
3.85, 
3.74, 
PR-: 
(d. 
(d, 
(s. 
(s. 
(s. 
(s, 
(d, 
(d, 
(d. 
(d, 
tIM 
IH, 
IH, 
IH) 
IH) 
IH) 
IH, 
IH, 
IH, 
2H, 
2H, 
4,05(s, 
3.82(s, 
J = 3Hz) 
J = 3Hz) 
J^= 9Hz) 
J2= 3Hz) 
J = 3Hz) 
J = 9Hz) 
J = 9Hz) 
J = 9Hz) 
3H,each) 
3H,each) 
.3.72 (3H,each,s) 
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I-4M~5.II-5.II-7-Tetrahvdroxv-II-4M-7-Dl-0-Methvl 
[I-3MI-8] biflavone (PR-III) 
PR -
PR -
PR • 
- Ill m.p. 286°C 
- IIIM (Methyl ether) m.p. 226-228°C 
- IIIA (Acetate) m.p. 264-265°C 
TLC examination of PR-III and its methyl ether PR-IIIM 
indicated it to be podocarpusflavone-B-. The results of 
H-NMR studies of its methyl ether PR-IIIM and acetate PR-IIIA 
are recorded in table-IV. 
Anologous to the amentoflavone hexamethylether (PR-IIIM) 
the B^ protons of A„ B^ system associated with ring II-B 
appeared at d 7.64 in (PR-IIIA) and the protons of 1-6,8, 
appeared at the d-value same as the amentoflavone hexamethyl-
ether, suggesting the presence of two methoxy group at II-4' 
and 1-7 position. The H-NMR spectral data of PR-IIIA identical 
with that of authentic tetraacetate of podocarpusflavone-B. 
Thus PR-III was assigned the structure as 1-4',1-5,II-5, 
II-7-tetrahydroxy-I-7,II-4«-0-dimethyl [l-3',II-8]biflavone 
(Podocarpusflavone-B) (2b). 
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TABLE IV 
Chemical shifts of protons (d-value) of PR-IIIM and PR-IIIA, 
Assignm 
H - I - 8 
H - I - 6 
H - I I - 6 
H - I - 3 
H - I I - 3 
H - I - 6 ' 
H - I - 2 ' 
H - I - 5 ' 
H - I I - 2 ' 
H - I I - 3 ' 
OMe/OAc 
- I I - 7 
- 1 - 4 ' 
O M e - I I -
OMe-I-7 
e n t 
, 6 ' 
, 5 ' 
- 1 - 5 , 1 1 - 5 
4 ' 
6 . 4 7 ( 
6 . 3 3 ( 
6 . 6 8 ( 
6 . 5 0 ( 
6 . 5 9 ( 
7 . 8 8 ( 
7 . 8 5 < 
7 . 0 9 ( 
7 . 3 7 
6 . 7 2 ( 
3 . 9 2 , ^ 
3 . 8 2 
3 . 7 4 
3 . 7 3 ( 
3 . 8 5 ( 
PR-II IM 
.d , 
:ci. 
[ s , 
> , 
> , 
^q» 
[d, 
:ci, 
:ci, 
: d . 
IH, 
IH, 
IH) 
IH) 
IH) 
IH, 
IH, 
IH, 
2H, 
2H, 
U 0 5 ( s 
[3H 
[ s . 
^ s . 
:3H 
, s ) 
3H) 
3H) 
, s ) 
J = 3Hz) 
J = 3Hz) 
J^ = 9Hz) 
J ^ = 3Hz) 
J = 3Hz) 
J = 9Hz) 
J = 9Hz) 
J = 9Hz) 
, 3H, e a c h ) 
6 . 4 5 ( 
6 . 3 3 ( 
7 . 0 4 ( 
6 .72 ( 
6 . 6 6 ( 
8 . 1 ( 
8 . 1 5 ( 
7 . 5 0 ( 
7 . 5 4 
6 . 7 4 ( 
2 . 4 5 , ^ 
2 . 0 5 
2 . 0 8 ( 
3 . 7 3 ( 
3 . 8 5 ( 
>cl. 
' d , 
>s. 
^ s . 
; s . 
^q» 
:d . 
:d , 
:d , 
:d . 
P R - I I I A 
IH, 
IH, 
IH) 
IH) 
IH) 
IH, 
IH, 
2H, 
2H, 
2H, 
> . 4 2 ( s . 
[ s . 
^ s . 
^ s . 
[s. 
3H) 
3H) 
3H) 
3H) 
J = 2 .51Hz) 
J = 2 .5Hz) 
J , = 8.5Hz 
J^ = 2 .5Hz) 
J = 2 .5Hz) 
J = 8.5Hz) 
J = 8.5Hz) 
J = 8.5Hz) 
3H, each) 
s = singlet, d = doublet, q = quartel, spectra run in CDCl^ 
at 100 MHz, TMS as internal standard. 
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Beside the above three biflavones, one pheloic component 
also isolated from the leaves of P-roxpurqhii and labelled as 
PR-IV. 
PR-IV m.p. 152-155°C appeared brown in UV' light and gave 
dark colour with alcoholic FeCl^ solution, R^ 0.50 (BPF). On 
comparision of m.p,, R^ and spectral values with authentic 
sample, it is shown to be ethyl gallate. 
UV : 218, 275 nm 
ir : 1710cm for aromatic ester. 
1320 and 1260cm~ for C-O-C asymmetric stretching of 
saturated aliphatic esters, 
nmr : (d value) in DMSO-d . 
1.32(3H, t, CH3 J = 7Hz) 
4.25(2H, q, CH2 J = 7Hz) 
7.11(2H, s, HT^,T^) 
Mass: Mt 198(98), 170(25), 153(100), 126(11), 78(55). 
On the basis of above results the structure of PR-IV was 
established as ethyl gallate (3). » 
'€x^etlmevA^ 
All the melting points recorded in this dissertation 
were determined on Koflar block and are uncorrected. H-NMR 
spectra were recorded on a Varian A-60A and JEOL 4H-100 
spectrometer in CDCl^ using tetra methyl silane as internal 
reference. The chemical shifts have been reported in d-value 
ultra-violet spectra were measured on a Beckman Model DU or DB 
instrument in methanol. The mass spectra were recorded on AEI 
MS 30 and JEOL-OSIG double focus high resolution mass spectro-
meter. 
The silicagel used for different chromatographic purposes 
was obtained from BDH. Biogen E, Merck (India) TLC solvent 
system used were, Benzene-Pyridine-Formic acid (36:9:5), Toluene-
t^ thyl formate - Formic acid (5:4:1) Benzene - Ethyl acetate -
Acetic acid (8:5:2). These solvents for the sake of convenience 
have been referred to as BPF, TEF, BEA respectively in the text 
matter. 
Alcoholic ferric chloride solution, ammonia vapours and 
20)(> aq. solution of perchloric acid were used as spraying reagents 
for visualization of TLC spots. 
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Extraction and Purification of Biflavonoids from the leaves of 
Putraniiva roxburqhii (Euophorbiaceae). 
Extraction : The dried and powdered leaves (2.5 kg) were 
completely extracted with methanol and concentrated under reduced 
pressure. A gummy dark green mass obtained was treated with 
petroleum ether (60-80 ) and benzene, till the solvent in each 
case was almost colourless, to remove non flavonoidic and 
residous matter. The residue was refluxed wirh acetone for 8 hrs. 
and filtered. The filtrate was concentrated to dryness to give a 
dark brown mass (4.5 g) which responded to the usual colour tests 
for flavonoids. 
Purification : A well stirred suspension of silica gel (BDH,100g) 
in dry benzene was poured into a column (150cm long and 40mm in 
diameter) when the adsorbent was well settled the excess of 
benzene was allowed to pass through the column. The crude mixture 
(4,5 g) was adsorbed on silica gel (BDH, 25g) in dry acetone, 
dried and added to the column. The column was eluted with organic 
solvents in the increasing prder of polarity. The results are 
given below. 
1. Benzene Green Waxy product. 
2. Benzene-Ethylacetate (9:1) Dark gummy product. 
3. Benzene-Ethylacetate (7:3) Yellow solid. 
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4. Benzene - Ethylacetate (5:b) Yellow solid 
5. Ethylacetate Yellow brown solid 
6. Ethylacetate - Acetone (5:5) Brown solid 
7. Acetone Dark brown solid. 
The fractions obtained with Benzene-Ethylacetate-Acetone 
(7:3, 5:5), Ethylacetate-Acetone (5:5) and acetone gave positive 
colour test for flavonoids. These were combined and concentrated 
to give yellowish brown solid (1.30 g). 
The complexity of the flavonoid mixture was examined by 
TLC using the following solvent system : 
a) Benzene-Pyridine-Formic acid (BPF-36:9:5). 
b) Toluene-Ethylacetate-Formic acid (TEF-5:4:1). 
c) Benzene-Ethylacetate-Acetic acid (BEA-8:5:2). 
In BPF solvent system the biflavone mixture showed three 
compact brown spots in UV light and the difference of R^ values 
were not well marked, where as in BEA solvent system the difference 
of Rx values were well marked. Therefore, these three bands were 
separated by preparative thin layer chromatography and labelled 
as PR-I, PR-II and PR-III, Another bluish brown spot in LrV light 
and bluish to the neckedeye with remarkable difference in R^ . is 
also separated and labelled as PR-IV. 
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Separation of flavonoids mixture by preparative thlnlayer 
chromatography : 
The glass plates (40 x 20 Cm) were coated with a well 
stirred suspension of silica gel G (BDH) using thin layer 
spreader, (Toshniwal India). The coated layer of silica gel 
was approximately 0.5mm thick. After drying at room temperature, 
the plates were activated at 120 C for two hrs. The yellowish 
brown solid dissolved in pyridine was applied to the plates with 
the help of mechanical applicator (Desaga Heidel berg) 2 cm from 
the lower edge of the plates. The plates mounted on stainless 
steel frames were placed in Desaga glass chamber (45 x 22 x 25 cm) 
containing 500 ml of the developing solvent system. When the 
solvent front travelled 15cm from the starting line. The 
development was interupted and plates were dried at room tempe-
rature. The positions of the bands were marked in IN light. The 
marked pigment zones were scraped with the help of a spatulla 
and eluted in separate columns with dry acetone. The solvent was 
recovered to give PR-I(200 mg), R^ = 0.27, PR-II(160 mg), R = 0.48, 
PR-III(150 mg), R^ = 0.42 and PR-IV(300 mg), R = (0.50) in BPF. 
PR-I 
I-4MI-4M-5,II-5.I-7,II-7-Hexahvdroxv[l-3MI-8] 
biflavone PR-I 
It was obtained as pale yellow solid m.p. 322-323°C. 
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Methylation : 
PR-I (65 mg) anhydrous potassium carbonate (1.20 gm), 
dimethylsulphate (0.5 ml) and dry acetone (200 ml) were refluxed 
on a water bath for 10 hrs. A small portion of the reaction 
mixture was taken out and tested for alcoholic FeClo reaction, 
Refluxing was continued until it gave a negative alcoholic FeCl^ 
test. It was then filtered and evaporated to dryness. The oily 
residue left behind was treated with petroleum ether and then 
dissolved in chloroform. The chloroform solution was washed with 
water, dried over anhydrous Na^SO. and concentrated to give a 
yellow solid. It was crystallized from CHCl^-MeOH as colourless 
needles (55 mg), m,p. 225-226°C, 
I-4'.II-4'.I-5.II~5.I-7.II~7-Hexa-0-methvl[l-3MI-8]biflavone 
PR-IM 
•^H-NMR(CDCl3) : Values on d - s c a l e 
6 .47(d , IH, J = 3Hz, H - I - 8 ) ; 6.32 (d, IH, J = 3Hz, 
H - I - 6 ) ; 6 . 6 4 ( s , IH, H - I I - 6 ) ; 6 . 4 9 ( s , IH, H-I-3),- 6 . 5 9 ( s , IH, 
H - I I - 3 ) ; 7 .84 , 7 . 95 (q , 2H, J = 9, 3Hz, H - I ' - 2 ' 6 ' ) ; , 7 ,37 (d , 2H, 
J = 9Hz, H - I I - 2 ' , 6 ' ) ; 7 .08 (d , IH, J = 9Hz, H - I - 5 ' ) ; 6 , 7 l ( d , 2H, 
J = 9Hz; H - I I - 3 ' , 5 ' ) ; 4 . 0 5 , 3 ,92 , 3 . 8 2 , 3 .80 , 3 . 75 , 3 . 7 l ( s , 3H, 
each, OCH3-II-5, 1-5, I I - 7 , I - 4 ' , I I - 4 ' r e s p e c t i v e l y ) . 
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Acetylation : 
PR-I (50 mg) was acetylated with pyridine (l ml) and 
acetic anhydride (2 ml) by heating on a water bath for 2 hrs. 
It was then cooled to room temperature and poured on to crushed 
ice. The separated solid was filtered washed with water and 
dried. It was crystallized from CHCl^-MeOH as colourless 
needles (35 mg), m.p. 241-243°C. 
I-4MI-4'.I-5.II-5.I-7.II-7. Hexaacetoxv[l-3MI~8]biflavone 
PR-IA •'•H-NMR(CDCl3) : Values on d-scale. 
7.26 (d, IH, J = 3Hz; H-I-8); 6.84(d, IPi, J = 3Hzj H-I-6); 
7.0l(s, IH, H-II-6); 6.65, 6.68(s, IH each, H-I-3, II-3); 8.03(d, 
IH, J = 3Hz, H-I-2'); 7.98(q, IH, J^^ = 8Hz; J^ = 3Hz, H-I-6'); 
7.48(d, IH, J = 9Hz, H-I-5'); 7.49((d, 2H, J = 9Hz; H-II-2»,6'); 
7,06(d, 2H, J = 9Hz, H-II-3',5'); 2.45,2.42,2.05, 2.01, 2.82, 
2.23(s, 3H each, OAc-I-5, II-5, 1-7, II-7, I-4«, II-4', respec-
tively) . 
PR-II 
I-4'.I-5.II-5.I-7.II-7-Pentahvdroxy-II-4'-0-methvl[l-3'. 
II-8]blflavone PR-II 
It was obtained as pale yellow solid. It was methylated 
• -^  J. • 
and acetylated by usual method., m.p. 321-323 C. 
I-4«, 1^5, II-.5.1-7. II-7-Pentaacetoxv-II-4' -0-methyl[l-3' . II-8] 
biflavone PR-IIA 
It was crystallized from tocl3-MeOH), m.p. 256-257°C. 
•^ H-NMR (CDCI3) : Values on d-scale 
7.32 (d, IH, J = 2.bHz, H-I-8), 6.84(d, IH, J = 2.5Hz, 
H-I-6), 7.04(s, IH, H-I-6), 6.72(s, IH, H-I-3), 6.66(s, IH, 
H-II-3), 8.l(q, IH, Jj^  = 8.5 Hz, J^ = 2.5 Hz, H-I-6'), 8.15(d, 
IH, J = 2.5 Hz, H-I-2'), 7.50(d, 2H, J = 8.5 Hz, H-II-5'), 7.54 
(d, 2H, J = 8.5 Hz, H-II-2',6'), 6.74(d, 2H, J = 8.5 Hz, H-II-3',5' 
2.45, 2.42, 2.29, 2.04, 2.08(s, 3H, each, OAc-I-5, II-5, 1-7, 
II-7, I-4«, respectively), 3.74(s, 3H, OMe-II-4'). 
PR-III 
1-4'. 1-5. II-5. II-7-Tetrahvdroxv-II-4*. I-7-di-C)-methvl [ 1-3'. II-8 ] 
biflavone PR-III 
It was obtained as pale yellow solid. It was methylated 
and acetylated by usual method., m.p. 286°C. 
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I-4'.I~5,II-5,II-7-Tetraacetoxy-II-4'.I-7-di-0-methvl[l-3MI-8] 
biflavone PR-IIIA 
It was crystallized from (CHCI3 : MeOH) m.p. 264-265°C. 
•"•H-NMR (CDCI3) : Values on d-scale 
6.45(d, IH, J = 2.5Hz, H-I-8), 6.33(d, IH, J = 2.5Hz, 
H-I-6), 7.04(s, IH, H-II-6), 6.72(s, IH, H-I-3), 6.66(s, IH, 
H-II-3), 8.l(q, IH, J^ = 8.5Hz, J^ = 2.5Hz, H-I-6'), 8.15(d, 
IH, J^ = 8.5Hz, J^ = 2.5Hz, H-I-2'), 7.50(d, 2H, J = 8.5Hz, 
H-I-5'), 7.54(d, 2H, J = 8.5Hz, H-II-2',6'), 6.74(d, 2H, J = 
8.5Hz, H-II-3',5»), 2.45, 2.42, 2,05, 2.08(s, 3H each, OAc-I-5, 
II-5, II-7, 1-4', respectively), 3.73, 3.85(s, 3H each, OMe-II-4', 
OMe-I-7, respectively). 
PR-IV 
3,4.5-Trihvdroxv-ethvl-benzoate 
It was obtained as brownished solid m.p. 152-155°C. 
Crystallized from (CHCI3 : MeOH). 
3^ 
•^ H-N^ AR(DMS0-d6) : Values on 6-scale 
1.32(t, 3H, J = 7Hz, -CH3), 4.25(q, 2H, J = 7Hz, -CH2), 
7.1l(s, 2H, H-2,6). 
Mass Fragments 
A^t 198(98), 170(25), 153(100), 126(11), 78(55). 
'-^fhlio^r^pbs^ 
1. C.H. Lea and P.A.T. Swoboda, Chem. Ind., 1429(1956), 
1073(1957), 
2. A.C. Mehta and T.R. Seshadri, J. Sci. Ind, Res., 18B, 
24 (1959). 
3. *The Chemistry of flavonoid compounds* (T.A. Geismann, ed.), 
Pergamon Press, Oxford. 1962, (a) page 468, 513(b) 546-583. 
4. H. Voigt, Chem. Pharm. Fabrik., DBPI, 270, 567 (1961). 
5. A. Movi, C. Nishino, N. Enoki and S.T, Tawata, Phytochemistry, 
26, 2231 (1987), 
6. M. Somasundram and J. Sadique, Fitoterpia, LVII, 103 (1986). 
7. A, Villar, M, Daya and M,C, Terencio, Fitoterpia, LVII, 
131 (1986). 
8. J.F, Marton, Quart. Crude. Drug. Res. 12, 1829 (1972). 
9. J.P.S. Sarin, Satywan Singh, H.S, Garg, N«M, Khanna and 
M,M. Dhar,, Phytochemistry, ^ , 232 (1976), 
10. S,M, Kupehan and F, Bruderlein, Phytochemistry, 10, 664 (1971), 
11. B. Jackson, H.D. Lock F. Schienmann and W.A. Walstenholue, 
J. Chem. Soc, (C), 3791, (1971). 
12. W. Baker, A.CM. Finch, W.D, Ollis and K.W, Robinson, 
J, Chem. Soc. 1477 (1963). 
: 55 : 
13, R. Madhav, Tetrahedron Letters, 2017, (1969). 
14, M. Okigawa» N* Kawano, M. Aqull and W. Rahman, 
Tetrahedron Letters, 2003 (1973). 
15, V.L. Horhammer, H, Wagner and H. Reinhardt, 
Naturwissenschaften, 52, 161 (1965). 
16, A. Pelter, R. Warren, N. Hameed, N.U. Khan, M. Ilyas and 
W. Rahman, Phytochemistry, 9, 1897 (1970),, 
17, T. Karriyone and N. Kawano, J. Pharm. Soc, Japan, 76 
451 (1958). 
18, H. Miura and N. Kawano, J. Pharm. Soc, Japan, ^ , 1489 (1968) 
19, B.K. Handa, K.K. Chexal, W, Rahman, M. Okigawa and N. Kawano, 
Phytochemistry, 10, 436 (1971), 
20, N. Kawano and M, Yamada, J. Am. Chem, Soc, 82, 1505 (1960). 
21, S. Beckmann, H. Geiger and W, de Groot-Pfleiderer, 
Phytochemistry, 10, 2465 (1971). 
22, K.K, Chexal, B,K. Handa, W, Rahman and N. Kawano, Chem. and 
Ind,, 28(1970), 
23, H, Miura, T. Kihara and N. Kawano, Tetrahedron Letters, 
2339 (1968), 
24, H, Miura, T. Kihara and N. Kawano, Chem. Pharm. Bull.(Tokyo), 
12, 150 (1969), 
25, M, Kamil, M. Ilyas, W. Rahman, N, Hasaka, M, Okigawa and 
N. Kawano, J. Chem. Soc, Perkin I 553 (1981). 
: 56 : 
26. N.U. Khan, W.H. Ansari, W. Rahman, M. Okigawa and N. Kawano, 
Chem, Pharm, Bull, (Tokyo), 19, 1500 (1971). 
27. N. Chandramouli, S. Natrajan, V.V.S. Murti and T. Sheshadri, 
Ind. J. Chem. 9, 895 (1971). 
28. A. Pelter, R. Warren, M. Ilyas, J.N. Usmani, S.P. Bhatnagar, 
R.H. Rizvi, M. Ilyas and W. Rahman, Experientia, 25, 350(1969) 
29. R. Hodges, Aus. J. Chem., 18, 1491(1965). 
30. S.F. Dossaja, E.A. Bell and J.W. Wallace, Phyt©chemistry, 
12, 371, (1973). 
31. A.K. Varshney, T. Mah, N.U. Khan, W. Rahman, M. Okigawa and 
N. Kawano, Ind. J. Chem., 11, 1209 (1973). 
32. I. Ahmad, K. Ishratullah, M. Ilyas, W. Rahman, 0. Seligmann 
and H. Wagner, Phytochemistry, 20, 1169 (1981). 
33. K. Ishratullah, W.H. Ansari, W. Rahman, M. Okigawa and N. 
Kawano, Ind. J. Chem., 15B, 615 (1977). 
34. N.S. Rao, L.R. Row and R.T. Brow, Phytochemistry, 12, 
671, (1973). 
35. S.S.N. Murthy, Phytochemistry, 22, 1518 (1983). 
36. S.S.N. Murthy, Phytochemistry, 22, 2636 (1983). 
37. A. Pelter, R. Warren, B.K. Handa, K.K. Chexal and W. Rahman, 
Ind. J. Chem., 9, 98 (1971). 
38. V.V.S. Murti, P.V. Raman and T.R. Sheshadri, Tetrahedron, 23, 
397 (1967), Tetrahedron Letters, 2995 (1964). 
: 57 : 
39. N.U. Khan, M. Ilyas, W, Rahman, T. Mashima, M. Okigawa and 
N. Kawano, Tetrahedron, 28, 5689 (1972). 
40. N. Ilyas, M» Ilyas, W. Rahman, M, Okigawa and N. Kawano, 
Phytochemistry, 17» 987 (1978). 
41. H.M. Taufeeq, W, Fatma, M. Ilyas, W, Rahman and N» Kawano, 
Ind. J. Chem. 16B, 655 (1978). 
42. T. Mashima, M. Okigawa, N. Kawano, N.U. Khan, M. Ilyas and 
W. Rahman, Tetrahedron Letters, 33, 2937 (1970). 
43. M. Ilyas, J.N. Usmani, S.P. Bhatnagar, W, Rahman and A. Pelter, 
Tetrahedron Letters, 53, 5515 (1968). 
44. W, Rahman and S.P. Bhatnagar, Tetrahedron Letters, 675 (1968). 
45. S. Natrajan, V.V.S. Murti and T.R. Sheshadri, Ind. J. Chem., 
5, 113 (1970). 
46. K. Nakazawa, Chem. Pharm. Bull. (Tokyo), Japan, 10, 1032(1962) 
47. A. Pelter, R. Warren, J.N. Usmani, R.H. Rizvi, M. Ilyas and 
W. Rahman, Experientia, 25, 351 (1969). 
48. N.U. Khan, M. Ilyas, W. Rahman, M. Okigawa, and N. Kawano, 
Tetrahedron,Letters, 33, 2941 (1970). 
49. B.K. Handa, K.K. Chexal, T. Mah and W. Rahman, J. Ind. Chem. 
Soc, 48, 17 (1971). 
50. Y.M. Lin, F.C. Chen, Tetrahedron Letters, 4747 (1973). 
51. F.C. Chen, Y.M. Lin and ^J^gf^WJ^F'^^^^ochenlistry, 13, 
/«-
r r-1571 (1974). /^r ^ 
\^^ 3)s [in ;?// 
: 58 : 
52. A.K. Varsheny, W, Rahman, M. Okigawa and N. Kawano, 
Experientia, £9, 784 (1973), 
53. K.K. Chexal, B.K. Handa and W. Rahman, J.Chromatog., 48, 
484 (1970). 
54. M.S. Raju, G, Srimannarayana and N.V. Suba Rao, Ind. J, Chem., 
16B. 124 (1978). 
55. M.S. Raju, G, Srimannarayana and N.V. Suba Rao, Tetrahedron 
Letters, 49, 4509 (1976). 
56. B. Jackson, H.D. Locksley and F. Schienmann, J. Chem. Soc.(C) 
3791 (1971). 
57. E.G. Crichton and P.G. Waterman, Phytochemistry, 1^, 1553(1979) 
58. B. Jackson, H.D. Locksley, F. Schienmann and W.A. Walstenholme, 
Tetrahedron letters (a) 787 (1967) and (b) 3049, 4095 (1967). 
59. A. Pelter, Tetrahedron letters, 1767 (1967^ 1 897(1968). 
60. B. Jackson, H.D, Locksley, F. Schienmann and W.A. Walstenholme, 
Chem. Comm., 1125, 1360 (1968). 
61. P.J. Coterill and F. Schienmann, J. Chem. Soc, Perkin Trans I, 
6, 531 (1978). 
62. A. Pelter, R. Warren, K.K, Chexal, B.K. Handa and W. Rahman, 
Tetrahedron, 27, 1625 (1971). 
63. C.G. Karanjgaokar, P,V. Radhakrishnan and K, Venkataraman, 
Tetrahedron letters, 3195 (1967), 
: 59 : 
64. M. Konoshima, Y. Ikeshiro, A. Nishinaga, T. Matsura, 
T. Kubota and H. Sakamato, Tetrahedron letters, 2, 121(1969). 
65. M. Konoshima, Y. Ikeshiro, Tetrahedron letters, 20, 1717 
(1970). 
66. Y. Ikeshiro and M. Konoshima, Tetrahedron letters, 4383(1972) 
67. B.S. Joshi, V.N. Kamat and Viswanathan, Phytochemistry, £» 
881 (1970). 
68. M.R. Parthsarthy, K.R. Ranganathan and P.K. Sharma, Ind. J. 
Chem., 15B, 942 (1977). 
69. R.J. Molyneux, A.C. Waiss Jr. W.F. Haddon, Tetrahedron, 26, 
1409(1970). 
70. W,H, Ansari, W. Rahman, D. Barrackough, R. Maynord and F. 
Schienmann, J. Chem. Soc, Perkin I, 1458 (1976). 
71,. S.S.N. Murthy, Ind. J, Chem, 22B, 1167 (1983), 
72, M. Nicoletti, M.O.F. Goulart, R.A, De Lima, A.I. Goubrt, 
F.D. Monache and G.B.M. Bettolo, J. Nat. Prod., 47,(6), 
953 (1984). 
73, A. Chatterjee, J. Kotoky, T, Chakraborty, J. Banerji and 
K.K, Das, Proc, 71st, Ind, Sc, Cong., Part III. Abstract, 
138, 66 (1984), 
74, A. Pelter, R. Warren, J.N, Usmani, M. Ilyas and W. Rahman 
Tetrahedron letters, 45, 4259 (1969). 
: 60 : 
75. H. Miura and N. Kawano, Chem. Pharm. Bull. (Tokyo), 
16, 1838 (1968), 
76. H. Miura, N. Kawano and A.C. Waiss Jr., Chem. Pharm. Bull. 
(Tokyo), 14, 1404 (1966). 
77. H. Miura and N. Kawano, J. Pharm. Soc, Japan, 80, 746(1960). 
78. F.C. Chen, Y.M. Lin and CM. Liang, ^ 3, 276 (1974). 
79. M. Okigawa, N. Kawano, M. Aqil and W. Rahman, J. Chem. Soc, 
Perkin I, 580 (1976). 
80. M. Kamil, N.A. Khan, M. Ilyas and W, Rahman, Ind. J. Chem., 
22B, 608 (1983). 
81. F.M. Dean, 'Naturrally Occuring Oxygen ring Compounds' London, 
Butterworths, P-287, 335 (1963). 
82. J, Shinoda, J. Pharm. Soc. Japan, 48, 214 (1928). 
83. V. Ashahiva and M. Inubuse, Ber., 61B, 1646 (1928). 
84. C.1AI. Wilson, J. Am. Chem. Soc, ^ , 2303 (1939). 
85. J.C. Pew, J, Am. Chem.,Soc, 70, 3031 (1948). 
86. O.R. Gottlieb,'In The Flavonoids' (J.B. Harborne, T.J. Mabry 
and H. Mabry, eds.). Chapman and Hall, London (1975). 
: 61 : 
87. L. Jurd and R.M. Horowitz, J. Org. Chem., 22, 1618(1957). 
88. T.J. Mabry, K.R. Markham and M.B. Thomas, 'The Systamatic 
Identification of Flavonoids', Springer - Verlag, New York, 
Heidelberg (1970). 
89. J.H. Bowie, J. Ronaye and D.H. Williams, J. Chem. SOC.(B), 
785, (1966). 
90. J.H. Bowie, D.W. Cameron, P.E. Schulz and D.H. Williams, 
Tetrahedron, 22, 1771 (1966). 
91. J.H. Bowie, J. Ronaye and D.H. Williams, J. Chem, Soc.(B), 
535 (1967). 
92. R.C. Wilson, J.H, Bowie and D.H. Williams, Tetrahedron, 
24, 1407(1968). 
93. A.F. Cockerill, G.L.O, Davis and D.M. Rackam, Chemical 
Reviews, 73, 553 (1973). 
94. J.K.M. Sender and D.H. Williams, J.A. Chem. Soc, 93, 641 
(1971). 
95. M.R. Patterson Jr. and G.H. Wahl Jr., J. Chem, Edn,, 49, 
790 (1972), 
96. R,V. Ammon and R.D. Fischer, Angew Chem,, jJ,, 675 (1972), 
:62: 
96. R.V. Ammon and R,D, Fischer, Angew Cheat,, ri, 675 (1972). 
97. W.D. Horrocks Jr., and J.P. Sipe, J. Aa. Chem. Soc.,93, 
6800 (1971). 
98. R.I. Reed and J.M. Wilson, J. Chera. Soc (c), 5949 (1963) 
99. S. Natrajan, V.V.S. Murti and T.R. Sheshadri, Ind. J. 
Chem., 7 , 751 (1969). 
100. a) " Flora of the upper Gangetic plain", J.F, Duthie 
(Ed), Botanical Survey of India. Calcutta (1960), Vol.11, 
p - 202. 
b) Kanehira & Sasaki, ex Shinada, Trans. Nat. Hist. Soc. 
Formosa,xxiv. 83, 1934. 
101. " Indian Materia Medica " K.M. Nadkarni (Ed), popular 
Book depot, Bombay,(1954), p- 1036. 
97. W.D. Horrocks Jr., and J.P. Sipe, J. Am. Chem. Soc, 
91, 6800 (1971). 
98. R.I. Reed and J.M. Wilson, J. Chem. Soc.(C), 5949 (1963). 
99. S. Natrajan, V.V.S. Murti and T.R. Sheshadri, Ind. J. Chem., 
7, 751 (1969). 
